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ABSTRACT
The goal of thermal design is to go beyond the comfort zone. In spatial design architects
don't just look up square footage requirements and then draw a rectangle that satisfies the
givens. There must be an interpretation. The requirements will be met, but there will be many
other layers added. What is needed is a positive statement of thermal conditions that will
support the architecture. An attempt must be made to actively design thermal delight rather
than just hope that it happens.
This thesis proposes a method in which thermal qualities are presented as opportunities
to strengthen and enrich architectural meaning and experience. Representation of the
variables of human comfort and pleasure can establish a thermal order that can be commu-
nicated just as conventional methods represent structural and spatial qualities. This method
of generating and recording a thermal order consists of a qualitative and project specific set
of thermal intentions that can be added to ASHRAE laboratory derived standards. Once
established, this thermal order in conjunction with standard energy analysis tools becomes
a part of form synthesis. To do this, the thesis will develop a general method and explore its
use in a design project.
In the present situation architects have the most advanced, efficient, low-impact technolo-
gies and powerful precise analytical tools ever available to the profession. The employment
of these technologies requires a balanced attitude that values a human spirit as well as cost
and efficiency. The use of energy-efficient technology needs to be considered phenomeno-
logically. Good architecture respects mind, body, and all the senses. The material mass of
a concrete environment at 68OF has a greater capacity to draw heat from a person than a 68OF
environment of wood. The experience of the space becomes more than just visual or tactile.
It is capable of changing the physical condition of the human body. This physical interaction
with the environment is a essential part of architecture.
The hypothesis is that through representation during the design process, an integral link
between quantitative energy requirements and qualitative aspects of architectural meaning
can be attained by the making of a thermal order. The objective is to find ways in which
thermal energy issues and qualitative aspects of the design process can inform and support
one another. The proja t is a Public Pool for the city of Boston. The Public Pool is a building
type that requires an extreme range of thermal conditions, a cultural presence, and a strong
attitude about the interaction of the human body in architectural space.
Thesis Supervisor: John Myer
Title: Professor of Architecture
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Introduction
This study has its beginnings with a gen-
eral interest in the integration of energy
technology in design. One of the primary
purposes of a building is to affect the climate
in and around it. Particular thermal qualities
are seldom presented as design intentions.
Consideration of thermal issues often stops
once means are found to maintain a constant
680F. Factors such as structure, cultural
significance, site, and program enter into
every level of the design process from con-
cept to construction documents; likewise,
energy should also reveal itself as an indis-
pensable part of a whole design. Decisions
about the thermal environment cannot be
solely based on the technical aspects of
achieving optimal comfort in the most effi-
cient way. Energy in building design needs
to combine legal code requirements, eco-
nomic decisions, and the need for resource
conservation with the poetic realm of archi-
tecture.
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Introduction
An exploration of this type has many
starting points. It seems that routes focusing
on the technical development and imple-
mentation of energy-efficient technology are
well worn. The 'how' question of thermal
design has lead to fantastic advances in effi-
ciency and control of the thermal environ-
ment. It is in the 'why' question that the well
worn path becomes a thicket. Lisa
Heschong's book Thermal Delight in Archi-
tecture is one of a few sources of direction in
this area. However, she does not make a
design proposal. The next step in this highly
qualitative ground is a attempt at implemen-
tation and finding a connection to the well
trodden course of ASHRAE standards.
The work is presented in a linear
manner as required by books. However, it
was generated using a very cyclical method.
The design project, representational studies,
and the study of thermal design parameters
all proceeded simultaneously, developing
from one another.
Medical Lake, Washington State
The Aegean Sea
"People used to make good value judgments
with less quantitative information. We must
reassert the importance of the qualitative and
consider all the factors involved rather than
only those that are most easily quantifiable."
- Bill Lam 1986
"Many design solutions were formerly limited
by technical means. There were more
stringent limits to dimensions of clear
window openings, sizes of glass, sizes of
economically attainable mirrored surfaces,
trellis members, and so forth. The limits now
are those of trade-off decisions rather than of
technical feasibility. It is important to make
these decisions on the basis of value (cost and
benefit) rather than cost alone."
- Bill Lam 1986
Cylindrical Model of the Thermal Interaction
of the Human Body and the Environment.
-From ASHRAE Fundamentals 2
I Argument for thermal order
In the present situation architects have
the most advanced, efficient, low-impact
technologies and powerful precise analyti-
cal tools ever available to the profession.
The employment of these technologies re-
quires a balanced attitude that values a hu-
man spirit as well as cost and efficiency.
The approach which Bill Lam' has pro-
posed for lighting can also be applied to the
thermal environment. A design method
should be based on the perceptual, cultural,
and physiological needs of the occupants.
Variation, surprise, and relief are all neces-
sary. It is a phenomenological approach in
that it is based on a full range of sensual
experience, not limited to the visual.
ASHRAE standards2 tend to slant to-
wards a view of people as heat machines that
must be kept in balance. Thermal success is
a situation where 80% of these engines are in
neutral, don't complain, and just work pro-
ductively. The body of quantifiable knowl-
edge which ASHRAE and others have
amassed should not be in any way devalued.
It must be supplemented with qualitative
knowledge that can make a more direct link
to Architecture.
A recent study conducted by the Center
for Environmental Design Research3 for
ASHRAE shows that standards set by labo-
ratory tests don't hold up in the field. Two
most important findings are that: 1) Satisfac-
tion with thermal conditions is lower than
'Lam, William M. C., Sunlighting as formgiver
for architecture, Van Nostrand Reinhold Co., New
York, 1986
21989 ASHRAE Handbook, FUNDAMENTALS,
American Society of Heating, Refrigerating and
Air-Conditioning Engineers, Inc., 1989
'Stubbs, M. Stephanie, "Study Assesses Thermal
Comfort In existing Office Environments",
Architecture, March 1989
I - Argument for thermal order
"The concept of comfort is an abstract one
which does not coincide with any specific
physiological sensation. Thermal comfort
may be better described as the absence of
sensation or discomfort."
-Clark and Edholm 1985
with non thermal aspects of the work envi-
ronment; and 2) Satisfaction with work-area
temperature is higher when the degree of
individual control increases. These findings
indicate that while efficiency and capabili-
ties of HVAC systems have been improving,
consideration of the thermal environment is
stuck at an even 680F.
In Amory Lovins October '84 lecture at
MIT, he talked of a synergistic approach to
energy issues in buildings. He acknowl-
edged, however, that issues of human com-
fort are a big (?). A holistic and synergistic
approach requires an understanding of the
qualitative aspects of the thermal environ-
ment.
We may be able to evenly heat a place at
optimal efficiency, but is that what we really
need?
Clark and Edholm4 cite numerous studies
of human comfort. The summation of these
studies reveals the complexity of thermal
comfort. Thermal comfort defined as the
absence of discomfort may be quantified, as
by Fanger 5 and others. The positive alterna-
tive to thermal discomfort, thermal delight,
eludes quantitation. The impossibility of
expressing thermal delight numerically re-
quires that we attempt verbal and formal
communication.
Is it necessary to show evidence of
the existence of thermal pleasure? Clark and
Edholm have conducted experiments that
would support a concept of thermal delight.
The best evidence, however, is in individual
empirical experience. Finding a sheltered
4Clark, R.P. and Edholm, O.G., Man and His
Thermal Environment, Edward Arnold Ltd,
London, 1985
sFanger, P.O., Thermal Comfort, Analysis and
applications in environmental engineering,
McGraw-Hill, 1972
I - Argument for thermal order
"The thermal environment has the potential
for such sensuality. cultural roles, and
symbolism that need not, indeed should not,
be designed out of existence in the name of a
thermally neutral world."
- Lisa Heschong 1979
patch of sunlight on a windy winter day.
Coming in from the cold to a warm cozy
house. Running through a sprinkler on a hot
day. Even the knowledge that differences
are playing against each other can produce
delight. Sitting by a fire watching a storm
rage outside one may be in thermal balance,
but feel warmed by the fact that they are not
out in the cold. All these go beyond provid-
ing a steady state core body temperature. It
is the intense presence of sensation that
connects our living bodies to the physical
world around us and makes life worth living.
In Lisa Heschong's (MIT M.Arch
'79) work Thermal Delight in Architecture'
she begins "with the hypothesis that the
thermal function of a building could be used
as an effective element of design." She
elegantly presents an extensive set of refer-
ences, offering "some background informa-
tion, and a bit of musing, which are the first
stages of any design work." The next step,
after absorbing this richly qualitative infor-
mation about the necessity, delight, affec-
tion, and sacredness of the thermal environ-
ment, is to apply it to a design project. One
must move from an analytical, researching,
reflective mode to a synthetic form generat-
ing mode.
'Heschong, Lisa, Thermal Delight in Architec-
lure, MIT Press, 1979
I - Argument for thermal order
Institut Du Monde Arabe, Paris, France
Jean Nouvel, Gilbert Lezdnes, Pierre Soria
- Photography, Shaun Roth
The occuli on the south facade are a good
example of over-applied technology that doesn't
work. 1) motors break down 2) shading is
between glazing. Shading of the courtyard is more
effective. Screens are exterior to the double
glazing less complicated, but with just as
interesting patterns of light.
- Argument for thermal order
Hypothesis:
Through representation during the design
process, an integral link between quantita-
tive energy requirements and qualitative as-
pects of architectural meaning can be at-
tained by the making of a thermal order.
This thesis proposes a method in which
thermal qualities are presented as opportuni-
ties to strengthen and enrich architectural
meaning and experience. Representation of
the variables of human comfort can establish
a thermal order that can be communicated
just as conventional methods represent struc-
tural and spatial qualities. This method of
generating and recording a thermal order
consists of a qualitative and project specific
set of thermal intentions that can be added to
ASHRAE laboratory derived standards.
Once established, this thermal order in con-
junction with standard energy analysis tools,
becomes a part of form synthesis.
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Notes on Heating and Cooling Patterns for a generic pool building.
Developed from G.Z.Brown, Sun,Wind, and Ught.
Analysis 1: separation of a whole into its
component parts 2 a: an examination of a
complex. its elements, and their relations b:
a statement of such an analysis 3: the use of
function words instead of inflectional forms
as a characteristic device of a language 4 a:
the identification or separation of ingredients
of a substance b: a statement of the
constituents of a mixture 5 a: proof of a
mathematical proposition by assuming the
result and deducing a valid statement by a
series of reversible steps b: a branch of
mathematics concerned mainly with functions
and limits 6 a: a method in philosophy of
resolving complex expressions into simpler or
more basic ones b: clarification of an
expression by an elucidation of its use in
discourse
Synthesis: 1 a: the composition or
combination of parts or elements so as to
form a whole b: the production of a
substance by the union of chemical elements,
groups, or simpler compounds or by the
degradation of a complex compound c: the
combining of often diverse conceptions into a
coherent whole; also : the complex so formed
2 a: deductive reasoning b: the dialectic
combination of thesis and antithesis into a
higher stage of truth 3: the frequent and
systematic use of inflected forms as a
characteristic device of a language.
-Webster's Ninth New Collegiate Dictionary,
Merriam-Webster Inc.
II Analysis and Synthesis
We have to be very careful to distinguish
and properly define analysis and synthesis,
two vital components of design process.
Analysis is always characterized by move-
ment from a whole to an understanding of
parts. It is an examination of something that
already exists. Synthesis is always charac-
terized by movement from many parts to an
understandable whole. The two processes
are moving in opposite directions. An opti-
mal design process is not a exclusive linear
application of analysis or synthesis, but a
cyclical process involving both. Form can-
not be generated by analysis. Yet the genera-
tion of form depends on analyzed parts for its
ingredients. A complete but unanalyzed
form will be lacking in rigor. The generation
of architectural form is a dominantly syn-
thetic process. A large number of tangible
and intangible factors must be weighed and
combined to form a coherent whole. Syn-
thetic processes are less demonstrable than
their analytic counterparts. As soon as one
starts describing and illustrating, the shift to
analysis has already been made. A design
process must fully acknowledge synthetic
and analytic tools.
Analysis tools:
calculate and quantify
understand connections
test intentions
Synthesis tools:
aggregate and qualify
create connections
state intentions
II - Analysis and Synthesis
Synergism : interaction of discrete agencies
such that the total effect is greater than the
sum of the individual effects.
A balanced utilization of synthetic and
analytic tools will cultivate synergism. Syn-
ergistic design provides many advantages.
Because it requires a coherent conception of
the whole, architectural meaning and cul-
tural significance are strengthened. The
whole sums to more than the parts, therefore,
it is more energy efficient and costs less.1
For example, a pantry which needs to be kept
cool might be placed on the north side of a
house thereby keeping itself cool and acting
as insulation to the house. When enough
elements are put in the right place, the house
can passively heat itself. The furnace can be
eliminated.
Synergistic design means thinking about
the connections between many layers of
design. Sun angle analysis may help deter-
mine a shading overhang. It is critical that
sun angle is not the only factor considered.
Effects of wind, strength and type of mate-
rial to be used, obstruction of views, interac-
tion with natural vegetation, composition of
facade, relation to context, cost, the overall
conception of the building, among others
must be considered.
In 1963 Victor Olgyay 2 wrote Design
with Climate. It is a fairly comprehensive
text that gives equal weight to the qualitative
and quantitative. Many concepts, charts,
and figures from the newer texts are based on
Olgyay. Thirty years later some of the text is
outdated but most is not. Olgyay's argument
for a passive approach and his definitions of
comfort parameters are still valid and useful
'Lovins, Amory, "If it's not efficient, it's not
beautiful", Fine Homebuilding, no. 66 Spring '91,
p.4
'Olgyav, Victor, with Aladar Olgyay, Design with
Climate: Bioclimatic Approach to Architectural
Regionalism, Princeton University Press, 1963
II - Analysis and Synthesis
Diagrams illustrating spatial and solar
layering in two examples.
-From "Formal speculations on thermal
diagrams"3
USC studio solar envelope exercise
-From G.Z.Brown, Sun, Wind, and Light*
today. It is part 3 of Olgyay's text, applica-
tion, that needs a major updating and ex-
panding to include synthetic tools.
Harrison Fraker3 begins to explore the
formal implications of solar strategies. In
his article 'formal' is used in the sense of
relating to axis, symmetries, and entry fa-
cades. Fraker defines formal, luminous, and
thermal diagrams. He then shows how these
diagrams are overlaid with varying degrees
of success in examples of solar architecture.
This line of thinking has considerable poten-
tial for contributing to a synthetic process.
However, the restrictive and one dimen-
sional idea of 'formal' needs to be more
inclusive of other forms and priorities of
organization.
G.Z. Brown' appropriately divides his
book Sun, Wind, and Light into parts dedi-
cated to analysis techniques and design strat-
egies. However, the role of analysis is not
always kept clear. Brown's example of the
use of solar envelope studies by Ralph
Knowles USC studio is heading towards
dangerous territory. The form is derived
from a very one dimensional interpretation
of the solar envelope analysis. There is not
much synthesis (architecture) happening
here. Brown's examples of existing archi-
tecture are much more useful. These show
how a specific technique can find it's place
in the multi-dimensional reality of the built
environment.
3Fraker, Harrison Jr., "Formal speculations on
thermal diagrams", Progressive Architecture, v65
n4 April 1984 p104-108
4Brown, G.Z., Sun, Wind and Light: architectural
design strategies, Wiley, 1985
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II - Analysis and Synthesis
Bridge, Querini Stampalia Foundation
-From Carlo Scarpa: Architecture in Details Albertini, Bianca, MIT Press, 1988
-Photo by Sandro Bagnoli, Siena
Palace of Justice, Chandigarh, India, Le Corbusier
-Photography from "Le Corbusier in the sun", The
Architectural Review, February 1993
G.Z.Brown uses Chandigarh as a design stratagy example
of window layering to reduce heat gain.
II - Analysis and Synthesis
Norbert Lechner's 5 1991 text Heat-
ing Cooling Lighting provides basic infor-
mation and guidelines. Nearly 30 years after
Olgyay, this text is up to date on the latest
advances in materials, lighting, and calcula-
tion methods. It provides a wide range of
reference guidelines. However, a truly syn-
thetic process is not offered.
A synthetic design process will con-
sider thermal questions phenomenologically.
Decisions at the scale of 'formal diagrams'
will be supported by decisions at the scale of
human interaction. The feeling of a hand on
a railing and the railings formal orientation
should be related. The design is a total
experience of all the senses. Spatial aspects
are supported by light, thermal, tactile, acous-
tic, even olfactory sensation. A physical
interaction with the material quality of a
space is a vital part of architecture.
'Norbert Lechner, Heating, Cooling, Lighting:
Design Methods of Architects, John Wiley &
Sons, 1991
Myyrnaki Church and Parish Center, Vantaa, Finland, Juha Leiviska - Photography, Shaun Roth
Material differences and placement creates whites that range from very warm to very cool.
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"The aim in designing a structure thermallv
is to establish an indoor environment which
most nearly approaches comfort conditions in
a given climatic setting. In Architectural
terms this means that the planning and
structure of a building should utilize natural
possibilities to improve conditions without the
aid of mechanical apparatus.
- V. Olgyay 1963
III Thermal Design
1. Present situation of thermal design
The state of thermal design has not come
very far from Olgyay. Calculations are faster
and more accurate. Materials available for
manipulation are more diverse. Theory and
process of application in form generation
has not progressed much. The general con-
ception of the thermal environment has
changed only slightly. And unfortunately,
the application of thermal issues in built
examples has also changed only slightly.
Olgyay was pushing passive design, just as
Lechner and many others in between. The
technology has been available for decades,
so why isn't good passive design standard
practice? Passive design has not been held
back by costs. Generally it seems that the
higher the budget gets for a project, the less
passive it becomes. The thermal environ-
ment has been thought of as a neutral re-
quirement not an architectural opportunity.
The approach to the thermal environment
has been dominated by technical rather than
formal issues.
Harrison Fraker's writing on solar
thermal and formal diagrams is a beginning.
It is still not quite there. It does not provide
a generative tool. G.Z. Brown's Design
Strategies (many from Olgyay) are acces-
sible to architects and near to being a genera-
tive tools. However, there is a step missing
between diagram and a form which can be
analyzed.
III - Thermal Design
The attitude towards thermal design has
consistently been limited to finding the opti-
mal way of providing comfort zone (80%
don't complain) conditions. There is no real
design of the thermal environment, just of
the technics needed to keep discomfort at
bay. It is true that for many uses a neutral
steady state comfort zone environment is
desirable. It is also true that the spatial
design equivalent to a thermally neutral space,
a requirement for a large open homogeneous
space, does not limit the articulation of struc-
ture, materials, finish, and lighting which
define the space. The thermal dimensions of
design must be explored as freely as struc-
ture and lighting have been in recent years.
2. Thermal sensation
All thermal information must be commu-
nicated through our bodies. Our skin, eyes,
brains, etc. are all part of the same intercon-
nected organism. In his Oct.'94 lecture at
MIT Amory Lovins described three views of
the brain and body relationship. The scien-
tific model sees people as bodies without
brains. The economic model sees people as
brains without bodies. The third and most
accurate view is of the whole person with
brain, body, society and culture. These are
the people who go out for ice cream on a cold
snowy evening.
III - Thermal Design
A simplified interpretation of the thermal
nervous system.
Suddenly I feel chilled. As I read, the sun
slipped away.: the warmth silently trickled
out. Now even my bones are cold. I'll put on
the light and get a sweater.
-S. Roth
There are three paths of thermal informa-
tion to the brain. The most direct is from
temperature receptors in the skin. Internal
temperature sensors are linked directly to the
hypothalamus. The third path is through
associations of visual stimuli. Note: infor-
mation on thermal sensation is coming pri-
marily from Clark and Edholm'.
The temperature sensitive nerve endings
in the skin are stimulated by changes in the
thermal environment. These nerve endings
have a number of variations. There are hot
and cold endings which fire respectively
when their temperature is either rising or
falling. Within the hot and cold groups there
are subgroups which discharge through a
certain range of temperatures. One ending
may begin to discharge as the temperature
drops from 25C to 24C, reach its peak firing
rate at 20C, and then drop off to a lower
firing rate. Our perception of heat and cold
is coincident with temperature change. Tem-
perature sensors rapidly stop discharging if
there is no change. In the state correspond-
ing to the definition of thermal comfort we
are not conscious of any temperature sensa-
tion. Skin temperature sensors are not very
precise in absolute terms. These sensors are
indicators of change, flow of heat. They are
not thermometers.
Sensation of internal body temperature is
largely subconscious. When it does mani-
fest itself it is often a general feeling of
discomfort characterized by lethargy or irri-
tableness. Core body temperature does not
and cannot vary widely. Thus, a substantial
change in core body temperature is usually a
sign of severe stress on the body.
1Clark, R.P. and Edholm, O.G., Man and His
Thermal Environment, Edward Arnold Ltd,
London, 1985
III - Thermal Design
Floor plan of the environmental facilities at
Techn. Univ. of Denmark
-From Thermal Comfort, Analysis and
applications in environmental engineering2
M - W = Qsk + QresI
= (C + R + Ek) + (Cres + E,,,)
DuBois surface area
. mechanical efficiency
. metabolic rate
. clothing surface temperature
. water vapor pressure
air temperature
mean radiant temperature
. convective cooling coefficient
The visual field, including psychological
associations and expectations. can affect
judgment of thermal comfort. If it is hot
outside people may desire a lower tempera-
ture than if it is cold outside. The climatic
chamber, used by Fanger 2 and Nevins, at-
tempts to neutralize these psychological
variations by keeping subjects in for 2 1/2
hours. The subjects are completely sepa-
rated from any context other than the cham-
ber. Of course this is not how things work in
real life. We can look out the window and be
influenced by a blizzard of snow, or the heat
waves rising off the pavement. It would
seem that a climatic chamber is somewhat
akin to measuring taste with a plugged nose.
It's very controllable, but because of its
detachment from reality must be taken with
a grain of salt.
3. Environmental factors
affecting human comfort
Fanger has combined eight factors which
contribute to thermal comfort into a single
equation. In this raw state, the equation is of
little use to architects. However, under-
standing of its components can help explain
some issues of thermal comfort. Future
computational tools could make possible a
situation specific comfort analysis. Fanger's
eight factors are listed to the left.
The first four factors relate to the condi-
tion of a person in a space. The first two,
surface area and efficiency, cannot be af-
fected by architectural design. The DuBois
surface area (total skin area) is different for
every person, but does not change over short
periods of time. Mechanical efficiency, work
2 Fanger, P.O., Thermal Comfort, Analysis and
applications in environmental engineering,
McGraw-Hill, 1972
3 ibid.
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III - Thermal Design
done by a person, is put in to balance the
equation and can be assumed to be insignifi-
cant. Metabolic rate and clothing surface
temperature (amount of clothing factored in)
depend on activity. These two factors are
affected by the program and conditions of a
building. Because they are difficult to con-
trol precisely, metabolic rate and clothing
are often given inadequate consideration.
The last four factors, air and radiant tem-
perature, water vapor, and convection, relate
to a person's immediate surroundings. These
are the most easily quantified and controlled
by the designer.
4. Categories of thermal
architectural definition
This thesis exploration has generated ten
categories of architectural techniques which
can be used to control the factors of thermal
comfort.
a. Material Separation
This is a wall or other physical separation
of two spaces, and provides the most abso-
lute definition. Often the separation works
psychologically better than it does regarding
actual heat flow. Transitions between spaces
defined in this way can enhance or degrade
the separation depending on how they are
handled. Absolute separation is impossible
of course.
b. Dynamic Flow
An example is a fireplace in a cold room
or warm sun in what would otherwise be a
cold space. The sensation of "motion of
heat" adds a certain life to a place. It is not
static. This type of situation has the potential
of being a great energy drain, but can be used
to recover otherwise unused energy/space.
III - Thermal Design
'-~ K ~-
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c. Natural Air Movement
The degree to which the air is moving.
Wind/no wind, affects evaporative cooling
from the skin.
d. Section Quality
Variations in ceiling and floor heights
makes use of the natural rising of warmer air.
e. Natural Humidy
Humidity affects the capabilities of evapo-
rative cooling, as well as respiratory com-
fort.
f. Time.
True steady state can only happen theo-
retically. Unless they are imprisoned or
bedridden people move. They may be in a
particular situation for 1/2 second or 8 hours.
g. Volume to Heat Source Ratio
For example, small room with many
people vs. a large room with many people.
This is dependent on program and use pat-
terns
h. Specific Heat Capacity of Materials
For example, a stone bench vs. a wood
bench. This type of definition makes use of
a smaller range of sensible changes. They
are more subtle.
i. Color and Texture
These have psychological associations
and physical effects. Different colors vary in
absorbtivity. Texture affects convection.
j. Mechanical Manipulations
A/C, Heaters, Blowers, Etc.
III - Thermal Design
5. Designing thermal delight
The goal of thermal design is to go be-
yond the comfort zone. In spatial design,
architects don't just look up square footage
requirements and then draw a rectangle that
satisfies the givens. There must be an inter-
pretation. The requirements will be met, but
there will be many other layers added. What
is needed is a positive statement of thermal
conditions that will support the architecture.
An attempt must be made to actively design
thermal delight rather than just hope that it
happens.
The well established definitions of
thermal comfort should not be discarded and
replaced with a thermal roller coaster. Many
activities require a neutral thermal environ-
ment. There should be, however, opportuni-
ties to 'get a bit of fresh air'. Opportunities
to activate the body's thermal sensors. Take
a break, wake up, feel the whole body rather
than just the tips of fingers on keyboard and
eyes on screen. There are two areas in which
thermal design is most important. The first
is in thresholds and transitions that can be
defined thermally as well as spatially. For
example, a hallway between two offices
may be kept cool. The second is in thermal
intensifications within spaces that can pro-
vide people with choices and relief from
neutrality. The most basic example is the
operable window. If you are too hot (just ran
up the stairs), but your colleagues are not
(been reading for the last two hours), you
stand by the window and everyone is happy.
III - Thermal Design
A description of the Finnish sauna given by
eighteenth century traveler Guiseppe Acerbi,
... In winter they often go out completely
naked and roll themselves in the snow, while
the temperature is 40 or 50 degrees below
zero. If a traveler in search of help happens
to arrive in a remote village at a time when
all the inhabitants are in the sauna, they will
leave the bathhouse in order to harness or
unharness a horse, to fetch hay, or do
anything else without ever thinking of putting
any clothes on. Meanwhile the traveler,
although enveloped in a fuir coat, is stiff with
cold, and does not dare to take off even his
gloves,...
Thus, the Finns move in less than a few
seconds from a heat of 170 F to a cold of -50
F. which makes a difference of more than 220
degrees, and the effect is very much the same
as if they jumped from boiling into freezing
water. What astonishes the people of our
climate most is that no ill effects ensue from
this sudden change of temperature.
- From Sauna: The Finnish Bath,
H.J.Viherjuuri, 1964
A set of normative standards can be de-
veloped that would guide the design of ther-
mal thresholds and intensifications. To a
large degree these standards are encoded in
something called 'common sense'. Our prob-
lem is that common sense is becoming less
and less common. The intensity of thought
which has gone into defining the neutral
field of thermal comfort also needs to be
applied to the edges and variations.
The eight factors of Fanger's thermal
comfort equation combine to form a mea-
sure of Steady-State Energy Balance4. When
the equation is in balance the body is in a
state of thermal equilibrium, neutral, thus
thermally comfortable by the ASHRAE defi-
nition. Gagge et al developed a Two Node
Transient Energy Balance equation. This
equation is similar to Fanger's but separates
the skin and body core and accounts for the
heat flow between them. The core varies
only slightly and the skin can vary widely,
this separation is conceptually important.
Both equations are developed as steady state
models. There is acknowledgment that even
under steady state conditions a persons skin
and core temperature will cycle through rela-
tively small fluctuations.
The design of thermal thresholds and
intensifications, the edges and variations,
requires an examination of nonsteady state
conditions. The ASHRAE standard6 allows
five nonsteady state conditions. From
'1989 ASHRAE Handbook, FUNDAMENTALS,
American Society of Heating, Refrigerating and
Air-Conditioning Engineers, Inc., 1989, chapter
8.1
5 ibid.
6 ASHRAE Standard 55-1981 Thermal Environ-
mental Conditions for Human Occupancy,
American Society of Heating, Refrigerating and
Air-Conditioning Engineers, Inc., 1981
III - Thermal Design
Space Con
Steady
ASHRAE
litions
Changing
ASHRAE
Future
Work
Positioning of this work in comparison to
ASHRAE studies and standards.
ASHRAE's point of view these are accept-
able variations not conditions to strive for.
a) Temperature Cycling- 40F/h maxi-
mum rate for peaks of operative temperature
variation over 20F. No rate restriction on
peak to peak variations within 20F
b) Temperature Drifts or Ramps- 1 0F/h is
acceptable provided that is doesn't exceed
the comfort zone by more than 1 F for more
than an hour.
c) Nonuniformity- Vertical temperature
difference up to 50F. Radiant Asymmetry up
to 90F vertically, 18"F horizontally. Floor
temperature between 650F and 84"F
d) Sedentary-Nontypical Clothing- Low-
ering of temperature by loF per .1 Clo of
increased clothing with minimum operative
temperature of 650F.
e) Active Persons- There are equations
for reductions down to 590F.
These alterations of standard comfort zone
temperatures assume that people are in the
space for more than an hour. The occupation
of the space is in steady state as thermal
conditions are changing. Thermal design
will add to these five conditions thresholds
and variations which entail nonsteady state
occupation. In addition to ramps and drifts,
there will be spikes, peaks, valleys, and
plateaus indicating thermal and spatial tran-
sitions.
This
Work
rams or people. islacK bacKgrouna is ambient. white is the warmest surtace
om Man and His Thermal Environment
IV Representation
1. Evolution of representational studies
There are no architectural drawing con-
ventions for the depiction of the thermal
environment. We can show light, materials,
volumes, but how do we describe heat or
cold in a space? The thermal description
needs to be intuitive, related to the variables
of thermal comfort and sensation, and allow
direct application to the process of design.
In spatially oriented sketching, architects
often sketch existing buildings as a way of
understanding them and improving their skill
at depicting unbuilt design proposals. The
rendering conventions of both types of
sketching may be the same even though the
source of one exists and the other is imag-
ined. The analytical and generative pro-
cesses of sketching have the same form of
output. This idea was taken as the starting
point for a set of representational studies.
Infrared thermography has been used to
illustrate surface temperatures in studies of
building efficiency. Thermography is also
used extensively in medical research. The
graphic result of a thermogram is an image
with a color scale from black/blue/cold to
white/red/hot. Fig.4.1. Thermography is a
completely analytical tool. It measures what
is there.
IV - Representation
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"Temperature Feeling" chart
-From Visual Awareness and Design2
The first representational studies for this
thesis were experiments in what dimensions
to represent and how to represent them. An
attempt was made to use black and white.
With a black and white scale there is a
question of which is hot and cold. In grayscale
thermograms', black is cold and white is hot.
In color thermography blue is cold and red is
hot. This does not translate into a grayscale.
In this coding system yellow is cooler than
red, but the grayscale value of yellow is
higher than red.
There are strong perceptive associations
of color and temperature. These associa-
tions make the use of color representations a
more accessible vehicle to the design pro-
cess. Basic color theory classifies warm,
cool, and neutral colors 2. A carefully chosen
color scale can translate to grayscale. For
example, one can create a scale that ranges
from hot light yellow to cold dark blue. Any
grayscale, however, is only capable of de-
picting the range of one variable.
Representational studies based on the ther-
mogram have numerous limitations. The
thermogram measures surface temperature.
In a design sketch one wants to also see air
temperature and 'thermal mood'. These
initial studies Figs.4.2-4.4 were very one
dimensional, representing just mood, or just
temperature. They were lacking any rigor-
ous definition. They were not providing
useful design clues. The first studies were
attempting an absolute representation of con-
ditions. This approach was too close to the
analytical model of the thermogram to be of
much use as a synthetic tool.
'Pettersson, Bertil and Axdn, Bengt, Thermogra-
phy, Swedish Council for Building Research,
Stockholm, 1980
2Thiel, Philip, Visual Awareness and Design,
University of Washington Press. 1981
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Fig.4.2 Test ofthermal grayscale.
IV - Representation
Fig.4.3 Study of M.I.T. Alumni Pool. Winter Morning
IV - Representation
1-1g.4.4 Stuay o M.i. 1. Alumni Fool. -ali Morning
IV - Representation
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Fig.4.5 Energy flow from sleeping to being at work. This is a
quantitative graph might look like.
qualitative graph, as a sketch of what a
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Fig.4.6 Thermal Design Sequence for a
Commuter in Winter.
It is the thermal thresholds and
intensifications that need to be represented.
It is the changing of temperature that is
critical to thermal delight. Both steady state
and nonsteady state conditions need to be
represented so that the interaction between
them is clear. ASHRAE defined3 nonsteady
state guidelines assume that people are in the
space for more than an hour. The occupation
of the space is in steady state as thermal
conditions are changing. Good thermal de-
sign will add thresholds and variations which
entail nonsteady state occupation. In addi-
tion to ramps, drifts and other non-uniformi-
ties, there will be spikes, peaks, valleys, and
plateaus indicating thermal and spatial tran-
sitions.
Transient Energy Flow: will be
defined as that part of the thermal order
which represents an accumulation of the
factors of thermal comfort using a transient
model (Section 3) and emphasizing thermal
sensation at the skin.
The first representation of transient en-
ergy flow was generated in the process of
documenting the thermal experience of wak-
ing and biking to work. Fig.4.5. The graph
is of variation of energy flow over time. The
slope of the graph indicates the rate of ther-
mal change. There is a range of comfort that
can accommodate a wide variety of activity.
Extreme conditions can be tolerated, and
even enjoyed, for short periods of time.
Fig.4.6 is ai cleaned up version of the first
graph.
3ASHRAE Standard 55-1981 Thermal Environ-
mental Conditions for Human Occupancy,
American Society of Heating, Refrigerating and
Air-Conditioning Engineers, Inc., 1981
IV - Representation
Thermal Design Sequence for Spectators in Winter.
Notes
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Fig.4.7 Black and White version of heat flow graph. See color plate page 75. -Photo from The New
Science of Swimming, Counsilman & Counsilman, Prentice Hall, 1994
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The need for a transient energy flow con-
cept was brought out of the development of
a thermal program for the design project.
(Section 5) The thermal program gradually
came to include most of the variables of
thermal comfort. (metabolic rate, clothing,
humidity, wind, air and radiant temperature)
These variables then needed to be combined
and given spatial positioning qualities rather
than just square footage. The result is a
representational system where fields of color
rendered in plan, section, or perspective cor-
respond to various slopes and positions of a
transient energy flow graph. This system
must acknowledge changing time and activ-
ity in a drawing/sketch format.
Changing conditions, slope on the
graph, are represented with a color scale
ranging from yellow/heating/slope up to blue/
cooling/slope down. Between these shades
of yellow-green, green, and blue-green rep-
resent slopes returning to neutral balance.
Relatively steady conditions, near horizon-
tal on the graph, are represented with a color
scale ranging from orange/position warm to
gray/position neutral to purple/position cool.
All of these are intended to be within the
comfort zone when time is respected.
Fig.4.7 and Fig.4.8
Fig.4.8 Black and White version of Transient energy flow scales. See color plate page 67.
IV - Representation
E7
Fig.4.9 One of many failed black and white studies. Neutral is white, extremes toward hot or cold are
darker value. Overlapping of hot/dots and cold/hatches was meant to show changing conditions.
-7/ e,
IV - Representation
PRISMACOLOR
Canary Yellow
Indigo Blue
Poppy Red
Warm Gray Light
The combination of two scales, one dy-
namic and one steady state, excludes the
possibility of effectively translating this
method to a grayscale. Attempts were made
at using hatch patterns to differentiate the
two gray scales. Fig.4.9 These studies were
not successful in application. The method of
employing the color scales using pencil was
very effective for a number of reasons. In
both scales the colors were chosen such that
blending would have an intuitively correct
result. When hot/yellow comes up against
cold/blue you naturally get neutral/balanc-
ing/green. Dark orange laid over yellow or
blue changes them to their steady state com-
panions orange and purple. The sketch is
done with four pencils.
Transient energy flow is the part of ther-
mal order that this thesis has focused on.
This method of transient energy flow proved
to be the most useful and influential in appli-
cation to the design project.
Berol
916
901
922
963
-Photography from The New Science of Swimming, Counsilman & Counsilman.
Prentice Hall, 1994
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He learnt to swim and to row, and entered
into the joy of running water; and with his
ear to the reedstems he caught. at intervals,
something of what the wind went whispering
so constantly among them.
-Kenneth Grahame in
"The Wind in the Willows"
V Testing the Hypothesis
1. Choice of site and program
The project is a Public Pool for the city of
Boston. The Public Pool is a building type
that requires an extreme range of thermal
conditions and a cultural presence. The
Public Pool demands an intensified relation-
ship between the body and the built environ-
ment. The Pool provides a good vehicle for
thermal exploration.
The Metropolitan District Commis-
sion (MDC) currently operates two seasonal
outdoor pools in Boston. An indoor pool
complex will supplement the MDC racquet
and skating facilities providing a wide range
of year round fitness and recreation opportu-
nities. A year round pool would also be
capable of hosting large competitive events
and provide competitive training facilities,
making it an attractive addition to the city's
public sphere.
Fig.5.1 Boston, Cambridge, and The Charles. Map illustrating the new channel
cut between Storrow Drive and the Charlesbank play fields.
V - Testing the Hypothesis
Astorla FOOL, NeW Y OrK tiIV
- Photography, Max Ulrich. "New era of public works", Metropolis, v13 n I July-Aug.1993, p17
V - Testing the Hypothesis
The role of the Public Pool as a
component in the life and identity of a city is
a separate thesis that cannot be completely
explored here. Many issues of the public
pool in society today also relate to the search
for a qualitative relationship of the human
body to its thermal and spatial surroundings.
Starting in the 1930's with the WPA projects'
and continuing into the 1950's many cities in
the U.S. built impressive public pool facili-
ties. These projects presented a positive
attitude toward the relationship of people to
their city. In a pool facility there is a very
intimate relationship between the body and
public space. In recent decades this type of
facility has been largely privatized in the
form of health clubs, or restricted to educa-
tional institutions. This shift follows a more
general decline in civic involvement and
responsibility.
The new Asphalt Green Swim and
Sports Center is Manhattan's first built to
competition standards and the only public
pool built in the last 20 years.2
1
"Visible City: WPA Pools", Metropolis, v7 n1
July-Aug. 1987 p66
2
"New era of public works", Metropolis, v13 n1
July-Aug.1993 p17
3 MacDonald, Effie C., "Manhattan Oasis",
Architecture Review, v194 n 1170 Aug.1994
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Charlesbank Playfields from Longfellow Bridge.
Charlesbank Playfields as they meet Storrow Drive.
V - Testing the Hypothesis
The existing MDC Lee Pool is lo-
cated on the east bank of the Charles River
between the Museum of Science and the
Longfellow bridge. During all but the sum-
mer months the pool is an unsightly fenced
off area. There are no real connections to the
city or the river. The pool's river frontage
takes the form of a parking lot. The site is
easily accessible from the red and green
MBTA lines, and by car via Storrow Drive.
The Charlesbank play field area is currently
a weak petering out of the Esplanade. The
site's central location and opportunities to
better link river edge recreation through to
new central artery parks make it ideal for a
public recreation project. The project is a
redesign of the Lee Pool site to include year
round swimming facilities, connections to
the city and river, and of course, thermal
delight.
View o the existing pool
Charlesbank Playfields as they meet the river. The Longfellow bridge is in the background.
V - Testing the Hypothesis
Fig.5.2 Charlesbank Playfield Site - From Boston Redevelopment Authority documents.
V - Testing the Hypothesis
2. Process of design
a. Site issues
Three aspects of the existing site were
taken as requirements. Fig.5.2
1) The project would not change the op-
eration of Storrow Drive. 2) The number
of play fields would not be decreased. 3) The
biking and walking trails would continue
through the site. There are three buildable
zones on the site, north (N), middle(M), and
south(S) Fig.5.3. The size of the north loca-
tion is limited by the Museum of Science and
ship canal. It was determined that the area
required for an Olympic sized pool could not
be accommodated in this zone. The south
zone is also limited in size, is crowded by the
Longfellow bridge, has noise conflicts with
the MBTA, and problems of access. The
middle zone offers the best relationship to
the play fields and the river, good access and
solar orientation.
Fig.5.3 Existing Site Plan

V - Testing- the Hypothesis
The Charlesbank Plavfields and most of the
cxisting trees are retained on the site.
At the largest thermal conception,
the pool is a warm place in cold surroundings
in winter and a cool place in hot surrounding
in the summer. In both cases it acts as a place
of refuge. An additional river channel is cut
along Storrow Drive to form stronger con-
nections to the whole of the Charles River
basin recreational area and as a means of
insulating the pool and play fields from
traffic. Fig.5. 1 &5.4 The new channel cre-
ates an island as a place of retreat, recreation,
and reflection. The channel provides for a
new route of the bike and pedestrian path
under Longfellow bridge. The path now
goes under a different span than vehicle
traffic. At the pool site, bridges over the
channel form a transformative sequence from
the city to the island.
Opposile page: Fig.5.4 Proposed site plan
V - Testing the Hypothesis
Natatorium 50m x 15.5m main pool 8.200ft2
40ft x 20ft learning pool 800ft2
45ft x 351t diving pool 1,575ft2
Minimum platform area 4,544ft2
Total 15,1 19ft-
Occupancy per 30ft2 pool+deck = 504
Spectator stands
Occupancy 1, (X)(! 7f42 7,0001t2
Restrooms Men's 200ft2
Women's 200't2
b. Thermal program
A Conventional program for the Boston
Public Pool was written as a starting point
for explorations into a thermal program.
A series of thermal programs were devel-
oped as an exploration of how to begin
stating thermal intentions. Figs.5.5-5.8
Locker rooms
Women:
Sauna
Steam room
Lobby
Lo ungec
Men:
Dressing-locker room
I water closet
2 urinals
4 lavatones
12 shower heads
Dressing-locker room
3 water closets
4 lavatories
12 shower heads
Cafe
Exercise/Multi-Purpose
Classrooms 2 @ 400 ft2
Lifeguard showers
Offices 2 200 fi2
Storage
Mechanical Equipment
Terrace
Outdoor Pools
Parking 50 cars
Total Roofed
1,000ftV
1, 000ftV
200ft 2
200f12
300t2
400ft2
300112
2.000t 2
8001t2
250ft2
400't2
I1.000ft2
1,500ft2
1,5(X)ft2
4,00012
35,869ftV
V - Testing the Hypothesis
Males: Dressing-locker room
3 water closets
2 urinals
4 lavatories
6 shower heads
Females: Dressing-locker room
4 water closets
4 lavatories
6 shower heads
/ OT 1oai area
Clothing
Color feeling
100%
0
I . . . .... . ... . . . .. . ..
l[I .....
111I
ii fo oi or u t nr
Deviation from comfort zone
Fig.5.5 First thermal program study using a standard form for each space listed in the conventional
program. 'Locker rooms' is one of eleven. The spot the bioclimatic chart is the temperature target for
that space. The arrow in the clothing section indicates that clothing level ranges from nothing to fully
dressed in this space.
Locker rooms
1,000ft2
1,000ft2
V - Testing the Hypothesis
'4r C -' '-
Fig.5.6 This is the same locker rooms in a revised format. Quantifiable and purely qualitative factors are
separated. Attempts are made to make it more graphic. This study's biggest drawback is that the
'RANGE' information was given the least amount of space. In retrospect, this turns out to be one of the
most important items.
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Fig.5.7 This page of notes is the first attempt to move the thermal program study towards a spatial
understanding.
V - Testing the Hypothesis
c. Thermodel
The Thermodel was an experiment in
making a touchable thermal diagram. The
various materials in the model draw heat
from the hand at different rates and thus
evoke various thermal moods. Fig.5.8 is
such a diagram illustrating relationships be-
tween wet and dry areas in the pool complex.
d. Prioritizing Thermal/Other issues
Some form issues are in realms which are
beyond or not influenced by specific thermal
issues. An example is the orientation of the
large pool. This is a decision at a scale the
size of the Charles River; city scale. An
attitude about the city and river have priority
over efficiencies and programmatic specif-
ics of a project such as this. To force in a
thermal issue would cause problems. How-
ever, tweaking within set priorities is fine.
An example in an early study model is the 20
degree shift from Storrow Drive to allow
more sun to the interior and make better
opportunities for solar hot water. Fig.5.9.
Integration of thermal design means that it is
a balanced part of the whole design not the
one and only driving force in the project. If
this method of thermal design is to have
broader application, a balanced approach is
necessary.
Fig.5.8 Thermodel
V - Testing the Hypothesis
e. Thermal design of the pool
The first 'thermal mood' drawing of the
pool had no form or spatial relationships,
just mood and the beginning of an experien-
tial sequence. Fig.5.10 pp61,63 The next
stage of drawings began to have some dia-
grammatic relationships, but were still form-
less. Fig.5. 10 At these early stages there also
was very little rigor to the coloring scheme.
The colors chosen just felt right.
Simultaneous to the thermal representa-
tional work, a series of site massing and
organizational studies were developed. At
first these studies proceeded in a very con-
ventional fashion without a large amount of
influence from the new thermal studies. The
thermodel, Fig.5.8, and last site scale model,
Page 77, began to have more dialog with the
thermal studies.
Fig.5.9 Three study models with different pool
orientations and configurations. In chronological
order from top to bottom.
V - Testing the Hypothesis
Once the idea of transient heat flow rep-
resentation was developed, a more rigorous
pass at thermal design could be attempted.
Fig.5. 11 pp6 5 ,6 7 . This first pass at heat flow
representation includes summer and winter
drawings of a complete slice through the
building and adjacent site. These drawings
in conjunction with other issues motivated a
reworking of the model plans and sections in
order to better respond to the thermal inten-
tions. The bridge for spectator access was
moved and rethought in terms of a transient
heat flow experience. Then entry area was
reorganized to put area which always wanted
to be cool towards the north. The reorgani-
zation also strengthened the overall entry
sequence. At this stage as well more of the
smaller scale decisions regarding materials
and construction were adjusted according to
the thermal plan. The particular combina-
tion of steel, tile, concrete, and wood in the
showers and locker rooms was defined ac-
cording to the thermal design and use re-
quirements.
The showers are tiled concrete receiving
natural light through glass block. Night
lighting is outside the block to insure pri-
vacy. A drying area is provided adjacent to
the showers in order to keep the locker area
from becoming to wet. The materials in the
lockers, located on a steel bridge over the
water, contrast the shower area. They are
framed in wood and have clear, operable
glazing. The materials and space feel warm
and dry. There is connection to the outside.
The next round of thermal representa-
tions were summer and winter heat flow
drawings which take a zoom lens approach
rather than a whole building slice. Fig.5.12
pp69,71
Fig.5. 10 Early color studies
Top: Thermal Mood Program
Middle: Study of M.I.T. Alumni Pool, first stages of a relative heat flow method of representation.
Bottom: Thermal diagram with non-specific coloring.
Opposiste Page: Fig.5. 10 Early color studies
Top: Thermal Mood Program
Middle: Study of M.I.T. Alumni Pool, first stages oI a relative heat flow method of representation.
Bottom: Thermal diagram with non-specific coloring.
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Spectator Areas - Winter
.H E..-... - ';, K e y to s c a le sU * U yellow-green-blue-orange-grey-purple
Swimmer Areas - Winter
-7
firu rl
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Yellow
Key to scales
yellow-green-blue-orange-grey-purple
U-..
, Yellow
Swimmer Areas - Winter
Color Pencil Rendering using two scales
yellow-green-blue dynamic transient energy flow
orange-grey-purple steady state energy flow
Fig.5.11 First spatial and transient flow representation.
Opposite Page: Fig.5.11 First spatial and transient flow representation.
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Color Pencil Rendering using two scales
yellow-green-blue dynamic transient energy flow
orange-grey-purple steady state energy flow
Fig.5.12 Transient energy flow representations at four scales in summer and winter.
Summer Winter
Opposite Page: Fig.5.12 Transient energy flow representations at four scales in summer and winter.


Thermal Design Sequence for Spectators in Winter.
Activity Reference Cues Heat Flow Notes
1 in Car MMWW
Walk
Entry C E
C. itC412E TE'
3 Buy tickets e/WOODV>CTAiL
4 Walk up, l ux 
.
over iorLT E
5 Find seats ,/6LA M
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137
14
16
17
19
TO Cafe o
Fig.5. 13 Thermal Design Sequence
-Photo from The New Science of Swimming, Counsilman & Counsilman, Prentice Hall, 1994
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Opposite Page: Fig.5.13 Thermal Design Sequence
-Photo from The New Science of Swimming, Counsilman & Counsilman, Prentice Hall, 1994
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Thermal Design Sequence for Spectators in Winter.
Actiiy
1 In Car
Walk
2 Entry
3 Buy tickets
4 Walk up,
over
5 Find seats
6
7
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10
11
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V - Testing the Hypothesis
Following are the last round of design
drawings and photos of the 1/16"=1'-0"
study model.
View looking east from above outdoor pool
00
View looking west from above Storrow Drive
'C
View of entry and changing room from the north
Two views of the south side
o The raised terrace is accessible only to swimmers from the recreational pools just inside. The massive forms moving up are of
concrete. The south wall is a R8 glass curtain hung from the roof cantilever. Trees and overhang provide for summer shading and
winter sun. The bikeway goes beneath the large trees.
Below: Ground Floor Plan and surrounding site. Parking is under the trees in the NE corner. The entry lobby, elevator, and exercise room are located on the
east side of the new channel. Two locker rooms bridge the channel. These then open into a waiting area on the west side of the channel that also serves as a
transition into either the large pools to the north or the recreational and health pools to the south. A sauna, steam room, and lifeguard facilities are tucked
under the stands opening to the south. At the west end of the building are two classrooms and a storage area. Beyond these is an outdoor garden and pool that
is accessible to the swimmers. The main pool provides eight 50m lanes that can be split in half with a moveable barrier. The floors of this pool are adjustable
to accommodate different events.
+81
Above: Perspective of entry. Emphasizing the structural system of concrete
groundforms rising up to meet the steel pavilion roof. The triangulated steel
tube trusses transform from this basic version as one moves through the
building.
Right: View into the diving pool. The diving facilities include a 3m and two
im spring boards, as well as platforms at 5m, 7.5m, and 10m.
Below: Second Floor Plan and Sections. The second floor is the dry
spectator area separated vertically from the wet areas below. The entrance is
on the east side of the new channel. After entering one goes up stairs or
elevator to the upper level. The bridge to the stands is a plant-filled
greenhouse. At the far end of the stands is a cafe with views to all the pools.
L
i 
u
Overhead view of the spectators entrance bridge.
Below: Plans, Sections, Perspective of entry and locker rooms. The entry is concrete, tile, and masonry with wood handrails, doors and counter. The
changing areas are framed in wood, with wood benches and floors. The shower areas are tiled with adjacent tile drying areas. The windows between the
lockers and above are operable for natural ventilation. The perspective is from inside the north locker room looking west.
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View of the pool from the north.
Below: Interior of Natatorium from the west side of the Olympic size pool. Spectators enter at the upper level from beneath the raised diving pool viewing
stands. A large existing oak tree is framed by the glazed end wall. The lower portion of the main stands and the diving stands are in concrete. The upper
portion of the main stands are steel. All seating is on wooden benches. The large duct overhead is an air supply. Air is taken out of the Natatorium from the
overflows around the edge of the pool. This gets chlorinated air out as soon as possible and allows pool side to be conditioned without pool center.

A cafe is located at the end of the spectator stands. Tables in this area have
views of the main pool to the north and the recreational pools on the south
side.
View of the recreational pools looking east.

VI Intent to Evaluation
Intentions must be defined first. No code
book or computer is ever going to be able to
that. One of the most elusive aspects of the
design process is stating and then represent-
ing the goals. Then there is the issue of not
just solving for this set, but creating an
architecturally significant whole. So often
we fall into the trap of just following a
system, or making a system to follow, then
we stop questioning. The questioning of
goals and motives should never stop.
Once established, intentions must
then be carried through to the wood, con-
crete, steel, glass, and other materials of a
real building. Representations in drawings
and models provide conceptual and practical
stepping stones. The renderings of transient
heat flow represent mid-design intentions.
In an actual building process the last round
of design drawings would be followed by an
analysis to be checked against intentions. A
process of construction drawings and further
analysis would precede groundbreaking. The
analytical comparison of a design to inten-
tions needs to be quantitative and qualita-
tive.
Evaluation of the qualitative quickly be-
comes subjective. This is what separates
architects from technicians. There is no
formula for good architecture. There are
rules, guidelines, strategies, concepts, and
precedents. But in architecture, two plus
two should equal at least five, seven if your
really good.

VII Conclusions
In any design process thesis, there is the
problem of the lab rat examining itself. This
thesis exploration would not stand up in any
court of science. That was not the intention.
The hypothesis was that through representa-
tion during the design process, an integral
link between quantitative energy require-
ments and qualitative aspects of architec-
tural meaning can be attained by the making
of a thermal order. This thesis has answered
2 1/2 of 3 parts of that hypothesis.
1) It is possible to represent thermal qualities in a
manner that is accessible to designers and
informative dunng the design process. It is
possible to communicate through a purely
qualitative thermal sketch.
2) A thermal order can be designed and
represented. Thermal design has normative
standards just as structural, spatial, and
programmatic elements of a design.
3) An integral link to energy requirements is a
strong possibility. The proof of an integral link
would require a study of multiple projects carried
through construction and occupation. This
singular, nine week design project, has not
invalidated the possibility of an integral link.
The idea of rendering transient heat flow
is just hatched, i.e. very fuzzy and immature
at this point. This concept will need consid-
erable refinement. Computational tools can
help with some intermediate steps, but the
true test can only be in a full scale built
project. Virtual reality goggles won't do on
this one. Thermal architecture must apply to
live bodies interacting with the space around
them.
Thermal delight will always elude defini-
tion and illustration. Just like a fine meal, it
may be beautifully illustrated in writing,
verbally or on film, but one can't completely
experience it without actually being there.
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